DRAFT
Long-Term
Central Valley Project
OCAP BA
CVP-OCAP

U.S. Department of the Interior
Bureau of Reclamation
Mid-Pacific Region
Sacramento, California

DRAFT — PRELIMINARY WORKING DRAFT

2003






Mission Statement

The mission of the Bureau of Reclamation is to manage, develop, and protect
water and related resources in an environmentally and economically sound
manner in the interest of the American public.






OCAP BA Front Matter

Table of Contents

Chapter/Section Page
Chapter 1 Description of the ACtioN......... e 1-1
1] (oo (BT (o o H SRR 1-1
Summary of Legal and Statutory Authorities, Water Rights and Other Obligations Relevant to
11 L= o1 1T o SRR 1-1
THE PropoSEA ACHON ... ..eiiiiieie ettt ettt e e e et e e e s be e e e e s bee e e e sabeeeeeeanbeeeanbeeeeeaan 1-10
Chapter 2 Basic Biology, Life History, and Baseline for Central Valley Steelhead............ 21
Species as a Biological Concept and Regulatory Criterion.............coeeiiieeiiiiiee e 2-1
0= (1 USSR 2-2
1K= o T ] 12V SRS PP 2-2
Steelhead Biology and Life HISTOrY .........oooiiiiiiiiiieec et e e 2-5
Historical and Current Distribution and Abundance of Central Valley Steelhead ...............ccccueue. 2-9
Chapter 3 Factors That May Influence Steelhead Distribution and Abundance................ 31
LAV L CC T =T 0 ] o= = | (USSR 3-1
10 S 3-1
Habitat AVailability ..........oooi e e e e e e e e e e e 3-5
[ F= o1 = AT U1 =T o 1 2RSSR 3-8
Predation and ComPpPetition..............oooiiiiiiiiiie e 3-18
Food Abundance in the Delta..............ooiiiiiiii e e 3-20
(070 ] g1 ¢=1 00110 F= 1 | USRS 3-20
L P T TP 3-21
L F= Lo 1= o 1= PSRRI 3-21
DiS€aSE @Nd PAraSites ......ccuiiiiiiiiiiiiiiie ettt e e e e e e e e e e e et e e e e e e e e nranaeeeeeaannne 3-23
Chapter 4 Basic biology, Life history, and Baseline for Winter-run, Spring-run and
Fall/Late Fall-run Chinook Salmon.........cccceeiiiiiccccceerrre s cccssssse e e e s e e 4-1
=1 (1 USSR 4-1
1K= 320 T 101 USSP 4-1
Spring-run Life History and Habitat Requirements Adult Upstream Migration, Holding and
ST o= 11 a1 oV PRSP 4-3
Winter Run Life History and Habitat Requirements .............cccooiiiii e 4-8
Historical and Current Distribution and Abundance of Winter-run Chinook Salmon ......................... 4-9
Historical and Current Distribution and Abundance of Spring-run Chinook Salmon ....................... 4-14
== 11 =T AT USSR 4-24
Central Valley Fall and Late Fall-run ChinOOK ESU .........coociiiiiiiiiiiiieiee e 4-26
L0 1= T 0 =T Y PEEEE 4-29

PRELIMINARY WORKING DRAFT iii



Front Matter OCAP

BA

SACTAMENTO RIVET ...ttt e e ettt e e ettt e e e e st e e e e nbe e e e e anbeeeenbeeeeesnnees 4-31
F N 0 1=T A Tor= T T Y= SRS 4-34
STANISIAUS RIVET ..ottt e e e e bt e e e et e e e et e e e e nbe e e e esnbeeeennreeeeeannees 4-39
== 11 =Tl 1Y S PPERRR 4-42
Chapter 5 Factors That May Influence Abundance and Distribution of Winter-run,
Spring-run and Fall/Late Fall-run Chinook Salmon ............ccccviimmmnniinniicciinenns 5-1
Water TEMPEIAtUIE .......eeeiieee e e e e e nan 5-1
FIOW @NA SPAWNING .....uiiiiiiiie it e e e e e e e e e e e e e e e s e s ba e e eeeaeeesensasaeeeeeesesnnreenees 5-6
Flow and Its Importance to Sub-adult Chinook Salmon............ccccviiiiiiie i 5-17
] AT = ET 7= To [ T PP PPPPRRR 5-18
Changes in the Delta Ecosystem and Potential Effects on Winter-run, Spring-run and
Fall/Late Fall-run ChinOOK SalmON........cccoieiiiiiiiiiiiiee et 5-34
Ocean Conditions and HAarvest ........ ... e e e e e e eeeee s 5-55
Feather River Hatchery-Genetics, Competition for Spawning, and Rearing Habitat....................... 5-60
Disease and Parasites .........oooiiiiiiiiiiiie ettt e e e e r e e e e e e e e nnneeee e e aaanna 5-63
HAtChery INFIUBNCE .......oiiieiiie et e e e e e et e e e e st e e e e e nsae e e ennteeeeeannees 5-63
INStream Habital ... ..o e e e e e e 5-65
Chapter 6 Basic Biology and Life History of Delta Smelt & Factors that may
Influence Delta Smelt Distribution and Abundance...........cccccccriiiiiiiiicicceennnnnn, 6-1
The Biology and Population Dynamics of Delta Smelt.............coooiiiiiiiii e 6-1
Distribution, Population Dynamics, and Baseline Conditions .............coooiiiiiii i 6-1
Factors That May Influence the Abundance and Distribution of Delta Smelt ...............cccooiirnieen. 6-4
= =1 =T g oY PRSPPI 6-13
Chapter 7 Basic Biology and Life History of Sacramento Splittail & Factors that
May Influence Sacramento Splittail Distribution and Abundance..................... 71
Basic Biology and Life History of Sacramento Splittail ..., 7-1
Factors That May Influence the Abundance and Distribution of Splittail ..o 7-5
=] 1= =Y Lo SO 7-9
Chapter 8 Analytical Approach and Methods ............e e 8-1
Hydrologic Modeling MethOdS .........oooii oo e e e eraaee s 8-1
CALSIM Il MOAElNG STUAIES ...ttt e e e e e e e e e e e s e e s santsseeeeasaennnnns 8-2
Temperature Modeling MethodsS ............oiiiiiiiiiee e e e e e e 8-8
CALSIM and Temperature Model Limitations ............cc.oiiiiiiiiii e 8-10
CALSIM MOdeliNng RESUIES ..ot e et e s 8-11
L= 1= =Y LY PSSR 8-43
Chapter 9 Project Impacts for CVP and SWP Controlled Streams..........oooeemmmmmmmmemmeeeeeeeees 9-1
S T= Lol = 10 0 LY o] (o TN A= OSSR 9-2

iv PRELIMINARY WORKING DRAFT



OCAP BA Front Matter

Red BIUf DIVEISION Dam.......ooiiiiiiiie ettt sttt sb e nre e nnne e 9-6
(O] (o= 07 (=T O O TP PR PT SR PPPPPI 9-7
F AN RIVET ...ttt b e st nar e e st et et e b e e naneeea 9-9
AMEIICAN RIVET ...ttt ettt e e s bttt e e s ab et e e s abt e e e e ense e e e enneeeesannneeeas 9-15
SEANISIAUS RIVET ..ottt e e e et e e e e n e e e e enbe e e e nbee e e e ennees 9-18
Trinity RIVEr CONO SaIMON ...t e s e e e reeeeeeane 9-21
MOKEIUMNE RIVET ...ttt et e et e e e e e e e abb e e e e eabe e e e e eanes 9-24
Chapter 10 CVP and SWP Delta Effects on Steelhead, Chinook Salmon, Delta
Smelt and Sacramento Splittail..........ccccooiiiii e 10-1
Steelhead and ChinOOK SalMON.........cooiiiiiii e 10-1
NOIh BaY AQUETUCT ...ttt e et e e s e e e e bt e e e e nbe e e e ebeeeeennnees 10-3
Delta Cross ChanNEl ...........eiiiiiie ettt e e e e et e e e st e e e e be e e e e ennes 10-4
ROCK Slough Old RIVEE INTAKE ......cooiiiiiiiiie e 10-6
Suisun Marsh Salinity CONtrol GAatES ...........ceiiiiiiiiiii e 10-8
Delta Smelt and Sacramento Splittail........... .o 10-9
Summary of EffECES ANGIYSIS ......eiiiiiiiiie et e e e e e ane 10-15
Delta ReSIdent FISNES .........ooiiiiii e 10-19
Determination Of EffECES .......ooiiii e 10-20
Chapter 11 Essential Fish Habitat Assessment............occicccccc s 111
Essential Fish Habitat BaCKgrouNd .............ooiiiiiiiii e e 111
Identification of Essential Fish Habitat ..o 11-1
Potential Adverse Effects of Proposed Project ............ooo i 11-5
Essential Fish Habitat Conservation Measures ...t 11-5
1670 o3 03 o] o P SRR PRPR 11-6
REFEIENCES ...ttt b et b e sa e e e b et e st e e e be e et e e e sabeeenneeas 11-6
Chapter 12 Ongoing Actions to Address State Water Project and Central Valley
Project IMpPacts.......cccuciiiiiiiiciccccirs s s e e enm e 121
Central Valley Project Improvement ACE ..........oo i e 12-1
Delta Pumping Plant Fish Protection AQreement............ooouiiiiiiiiiiiee e 12-4
Tracy Fish Collection Facility Direct Loss Mitigation Agreement ............ccccooiieiiiiiieiiiieee e 12-9
Chapter 13 ReferenNCes ........o s nnnnen 13-13
PRELIMINARY WORKING DRAFT v



Front Matter OCAP BA
|

List of Figures

Figure Page

2—1 Adult steelhead counts at Red Bluff Diversion Dam, 1967—-1993 (top) and adult
steelhead counts at Coleman National Fish Hatchery, Feather River Fish

Hatchery, and Nimbus Hatchery, 1967—1993 (bottom). ........ccceevviiiiiiiiiiiieee e, 2-3
2—2 Steelhead life cycle for various Central Valley streams............cccccviveeeiiiiiiicciiiieeee e 2-6
2-3 Mean fork length (mm) plus standard deviation of steelhead collected in the FWS

Service Chipps Island Trawl, 1976—2000 ...........ccceiiiiiiiiiiiiie e 2-7
2—4 Cumulative percentage of steelhead per 10,000 m?in the FWS Chipps Island trawl

versus surface water temperature at Chipps Island. ... 2-8
2-5 Catch per unit effort of adipose fin-clipped (black bars) and unclipped (white bars)

steelhead from the FWS Chipps Island Trawl, August 1997 through July 2000 ............. 2-9
2—6 Adult steelhead counts at Nimbus Hatchery, brood years 1955-2001. The 2001 brood

year means those fish returning to spawn in late 2001 through spring 2002. ............... 2-11
2—7 Adult steelhead counts at Feather River Hatchery, brood years 1969—-2000 .................ccc....... 2-11
2-8 Clear Creek water temperature at Igo, 1998—2001 (CDEC).......cccvvveveeiiiiiieeeee e 2-12
2-9 American River water temperature at Watt Avenue bridge, April 1 to November 14, 2001 ..... 2-14
2—10 Mossdale trawl rainbow/steelhead catch, 1988 — 2002. ...........coccieeiiiiiieeiieee e 2-16
3—1 Scatterplot of total monthly CVP export in acre-feet versus log4, total monthly CVP

steelhead salvage, 1992—2000. .........cceeiiiriiiie e e e eeseee e see e sneeeenees 3-10
3-2 Scatterplot of total monthly SWP export in acre-feet versus logq, total monthly SWP

steelhead salvage, 1992—2000. .........oo it e e e e e 3-11

3-3 Predicted steelhead salvage at the SWP Delta fish facilities in relationship to exports
(95% confidence intervals) based on a generalized linear model of historical
salvage and export data for the January through May period, 1992-1999.................... 3-12

3-4 Relationship between total combined CVP and SWP steelhead salvage December
through June, and December through June steelhead catch per minute trawled at

Chipps Island, December 1993 through June 1999 .........cccoooiiiiiiin e 3-13
3-5 Steelhead catch per minute from the Yolo Bypass Toe Drain rotary screw trap and total

Y0lo Bypass flow, 1998..........iiiiie e 3-17
4—1 Spring-run Chinook salmon life cycle for various Central Valley streams. Cross hatching

indicates period of peak OCCUITENCE. .........cuuiiiiiiiiie e 4-6
4-2 Sacramento River winter run Chinook escapement based on Red Bluff Diversion Dam

(00T | £ 4-12
4-3 Sacramento River winter run Chinook salmon cohort replacement rates based on Red

Bluff Diversion Dam escapement estimates. ..o 4-12
4—4 Clear Creek Flows for Optimum Salmon and Steelhead Habitat..................cccooeiiiinnnne 4-17
4-5 Estimated adult spring-run Chinook salmon population abundance in the upper

Sacramento River, California.........c..oiiiiiiii i 4-19
4—-6 Migration timing of spring-run and fall-run Chinook salmon.............ccccccceeeiiiiiiiiieiee e, 4-19

vi

PRELIMINARY WORKING DRAFT



OCAP BA Front Matter

4-7 Adult spring-run Chinook counts in Mill Creek, California...............ccccouveeiieiiiiiciiieee e 4-20
4-8 Three-year running average abundance of returning adult spring-run Chinook salmon in

selected Central Valley Streams ..........ooeviiiiiiiii e 4-21
4-9 Estimated adult spring-run Chinook salmon population abundance in Deer Creek,

L0711 o4 o1 - S 4-22
4-10 Estimated adult spring-run Chinook salmon population abundance in Butte Creek,

L0711 oy o1 = S 4-23
4-11 Estimated adult spring-run Chinook salmon population abundance in Feather River,

L0711 oy o1 = S 4-24
4-12 The disposition of Chinook salmon spawned, tagged, and released as spring-run from

Feather RiVer HatChery ... ... 4-25
4-13 The disposition of Chinook salmon spawned, tagged, and released as fall-run from

Feather RiVEr HAtChery ........ueoiii i 4-26

4-14 Central Valley fall-run Chinook salmon escapements, 1952—-2001. Source: DFG data......... 4-27

4-15 Fall-run Chinook salmon in-river escapement estimates in the California Central Valley,

1995-2001. Source: United States Department of Interior (2001). .......ccccceeeiiieeennnne 4-27
4-16 Clear Creek fall-run Chinook salmon escapement, 1951-2000. Source: DFG data. ............. 4-30
4-17 Average daily flow in Clear Creek, 1996-2001. Source: CDEC. .........coccoiiiiiiiiiiiiiee e, 4-31
4-18 Life cycle timing for Sacramento River Chinook salmon. Adapted from Vogel and

MAFNE (1997 ). ..ttt et et e e et e e st e e e te e e aaaeeeaeeesneeeamneeesnneeanneeans 4-32
4-19 Fall-run Chinook salmon escapement in the Sacramento River...............cccccoovieeiiiiiiiinnnen. 4-33
4-20 Sacramento River daily average flow at Keswick Dam from 1993-2001 ............cccccvvveiinnennn. 4-33
4-21 American River Chinook salmon escapement estimates, 1952—2000 .............ccccceeeeeinnnnnneen. 4-35

4-22 American River flows as released from Nimbus Dam, 1993—-2001. The top chart shows
the entire hydrograph. The bottom chart shows a close-up of the 0 to 4000 cfs

7= 1 o [PPSO 4-37
4-23 Chinook salmon escapement in the Stanislaus River, 1947—2000.............ccccoccvrveeeiniccvnnnnnn. 4-40
4-24 Stanislaus River Chinook salmon out-migration estimates past Caswell State Park

during rotary screw trapping and prior year spawning escapement, 1996-2001.......... 4-40
4-25 Stanislaus River flow at Orange Blossom Bridge, 1993—2001 ..........cooiiiiiiiniiieiiiieeee e, 4-41

4-26 Daily catch distribution of fall-run Chinook salmon caught at Live Oak and Thermalito
rotary screw traps during 1998, 1999, and 2000 (trapping years a, b, and c,

=] o102 11771V RSP 4-43
4-27 Escapement of fall-run Chinook salmon (1953—-1994) in the Feather River Hatchery

and channel. Source: Sommer et al. (2001D). ....ccuviiiiiiiee e 4-45
4-28 Stocking rates of juvenile salmon from the Feather River Hatchery into river and Bay-

Delta locations. Source: Sommer et al. (20012). ....cccoviiiiiiiiiiie e 4-45
4-29 Mean monthly flows (cfs) in the Feather River for the pre-Oroville Dam (1902—1967)

and post-Oroville Dam (1968—1993) periods. Source: Sommer et al. (2001a). ........... 4-46

4-30 The percentage of salmon spawning in the Feather River low flow channel for 1969—
1996. The increase is significant at the P < 0.001 level. Source: Sommer et al.
(2400 - ) SR 4-47

PRELIMINARY WORKING DRAFT Vi



Front Matter OCAP BA
|

5-1 Shasta Dam Release Temperatures 1994-2001 .........oooiiiiiiiiiiiiiiieee e 5-4
5-2 Sacramento River at Bend Bridge Water Temperatures 1994-2001 ........ccccceeeviiiiiiieeeeeeeecnns 5-5
5-3 Monthly mean water temperatures for the Sacramento River at Chipps Island for water

YEArS 19751005 L. et as 5-6
5—4 Yearly probability of exceedance for releases from Keswick Dam on the Sacramento

L= SRR 5-9
5-5 Clear Creek near Igo (Station 11-372000) flood frequency analysis of annual maximum,

1-day average, and 3-day average flood series for post-dam (1964 — 1997) data. ........ 5-9
5-6 Yearly probability of exceedance for releases from Whiskeytown Dam on Clear Creek.......... 5-10

5-7 Empirical flood frequency plots for the Sacramento River at Red Bluff (Bend Bridge
gauge) for pre- and post-Shasta periods, and downstream at Colusa for the post-

] =T = I 0= 4 T Yo RSP RPPRSP 5-10
5-8 Flood frequency analysis for the American River at Fair Oaks Gauge (U.S. Army Corps

Of ENGINEEIS 1999). ...eiiiiiiii ittt e e e e e e e e e e e e e s sennbr e e e e aaeeeaennnes 5-11
5-9 Exceedance probability for yearly Goodwin Dam releases.........ccccceeveeeciiiieeeieeeeeiiiiieeee e 5-12
5-10 Frequency of Times Nimbus Releases Fluctuated over and under 4000 cfs, 1972 -

2002 ... e e e ——— e e e ——— e e e ———eeaa——eeeaaa—eeaeaabaeaeaanrreaeaares 5-13
5-11 Annual Maximum Daily Nimbus Release Exceedance............cccccooviiiiiiiii e 5-14

5-12 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red BIuff Airport, winter 1993—1994 ... 5-23

5-13 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 1994—1995 ... ... 5-24

5-14 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 1995—1996 ...........coiiiiiiiiiiee e 5-25

5-15 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 1996—1997 ... 5-26

5-16 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red BIuff Airport, winter 1997—1998..........coo e 5-27

5-17 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 1998—1999..........coo e 5-28

5-18 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red BIuff Airport, winter 1999—2000...........ccuitiiiiiiiee e 5-29

5-19 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 2000—-2001 ... 5-30

5-20 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation
at Red Bluff Airport, winter 2001—2002...........ccccciiiiiieeee e 5-31

viii

PRELIMINARY WORKING DRAFT



OCAP BA Front Matter
|

5-21 Relationship between mean flow (cfs) in the Sacramento River and the log10 time to
recapture in the U.S. Fish and Wildlife Service Chipps Island Trawl for Coleman
Hatchery late fall-run Chinook salmon smolts. The explanatory variable is mean
flow at Freeport for 30 days beginning with the day of release from Coleman
Hatchery. The response variable is an average of median days to recapture for
November through January releases during winter 1993-1994 through 1998-1999.....5-32

5-22 Relationship of survival indices to Chipps Island for CWT late-fall yearlings released
into Georgiana Slough relative to those released at Ryde versus combined
SWP+CVP exports from release date to 17 days later. The 1999 data have been

= o [0 [T o RPN 5-33
5-23 Example of how the winter-run Chinook juvenile production estimate, yellow light and
red light levels are calculated using 2001-02 adult escapement data. ..............ccccee...... 5-34

5-24 Scatterplot of Delta survival indices for Coleman Hatchery late fall-run Chinook salmon
from paired release experiments in the Sacramento River and Georgiana Slough
versus percentage of the release group salvaged at the CVP and SWP Delta
L= 1o 111 = OSSR 5-40

5-25 Relationship between Delta exports and the Georgiana Slough to Ryde survival index
ratio. The export variable is combined average CVP and SWP exports for 17
dayS after FEIEASE. ......oiii e 5-42

5-26 Relationship between Delta exports and percentage of late fall-run CWT Chinook
salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The
export variable is combined average CVP and SWP exports for 17 days after
[=1= o T O PSPPSR PUPPPPPPPPRN 5-43

5-27 Relationship between Sacramento River flow and the Georgiana Slough to Ryde
survival index ratio. The flow variable is average Sacramento River flow at
Sacramento for 17 days after release...........cooocuvvveeiii e 5-44

5-28 Relationship between Sacramento River flow and the percentage of late fall-run CWT
Chinook salmon Delta release groups salvaged at the CVP and SWP Delta
facilities. The flow variable is average Sacramento River flow at Sacramento for
17 days after release. Georgiana Slough and Ryde releases are plotted
SEPAMALEIY. ... 5-45

5-29 Relationship between QWEST flow and the Georgiana Slough to Ryde survival index
ratio. The flow variable is average QWEST flow for 17 days after release. .................. 5-46

5-30 Relationship between QWEST flow and the percentage of late fall-run CWT Chinook
salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The
flow variable is average QWEST flow for 17 days after release............ccccoceeeviinnennne. 5-47

5-31 Relationship between Export/Inflow ratio and the Georgiana Slough to Ryde survival
index ratio. The flow variable is average Export/Inflow ratio for 17 days after
FEIEASE. ...cooeiiiiiieeeeeee ettt ettt ettt ttatttt———————————————————————————————————————————— 5-48

5-32 Relationship between Export/Inflow ratio and the percentage of late fall-run CWT
Chinook salmon Delta release groups salvaged at the CVP and SWP Delta
facilities. The flow variable is average Export/Inflow ratio for 17 days after release .....5-49

5-33 The percentage of late fall-run CWT Chinook salmon Sacramento River and Delta
release groups salvaged at the CVP and SWP Delta facilities grouped by release

Lo F= L= TP PPTPPT 5-51
5-34 Central Valley Chinook salmon (all races) abundance index, 1970-1999 ...........c.ccccceveenee 5-56
5-35 Central Valley Chinook salmon Ocean Harvest Index, 1970-1999..........ccccccceieiiiiiciiiieennnnn. 5-57

PRELIMINARY WORKING DRAFT iX



Front Matter OCAP BA
|

5-36 Coded-wire-tag (CWT) recovery rate of Feather River Hatchery spring-run Chinook
salmon relative to the CWT recovery rate of Central Valley fall-run Chinook
salmon. Data were taken from DFG (1998), and are presented individually for
recreational and commercial fisheries for age-2, age-3, and age-4 fish. Values

greater than 1 indicate fishing pressure above the level sustained by the fall-run......... 5-60
5-37 Percent of Central Valley fall-run Chinook escapement taken for spawning 1952-2000...... 5-64
6—1 (x-axis is DAYFLOW, y-axis is first 20-mm Survey following VAMP) ... 6-2
6—2 TNS INAICES 1969-2002........eeieeeiteeitie ettt e e et et e teesaeesaeeanee e te e eeeaseeaseeanseaseeaseeaneeaneesnseanes 6-3
6—3 FMWT iNdices 1969-2002 .........ooiiiiieeieeeeiie et eteerte e ee e eeeesaeesaeesaeeeeeaeeeneeeaaeeeneeanseenseeaeeanes 6-3
6—4 (Beverton-Holt curve was fitted to all data even though time periods are shown

L= o= L= (=Y 1Y) RS S 6-6
6-5 Relationships between 20-mm Survey indices and TNS indices, 1995-2002 ............ccccceeeeennes 6-7
6—6 Water operations impacts to the delta smelt population .............ccccooeiiiiiii e, 6-9
8-1 Chronology of Trinity Storage Water Year 1922 - 1994...........ccoviiiiieiiieeeeeee e 8-16
8-2 Trinity Reservoir End of September EXceedance...........coooiiiiiiiiiii i 8-16
8-3 Lewiston Average Monthly Releases.........cuuviiiiiiiiiiii e 8-17
8-4 Lewiston Dry Period Average Monthly Releases...........ccoooiiiiiiiiiiiiiiiiie e 8-17
8-5 Whiskeytown Average Monthly Releases..........ocueiiiiiiiiiiiiiiii e 8-18
8-6 Whiskeytown Dry Period Average Monthly Releases............cccooviiiiiiiieiiiiiccee e 8-18
8-7 Chronology of Shasta Storage Water Year 1922 - 1994 .........ooo i 8-19
8-8 Shasta Reservoir End of September Exceedance .............cccooooiiiiieiiiiiiiiciiiieecee e 8-19
8-9 Keswick Average Monthly RelEASES............ooiiiiiiiiiiiiii e 8-20
8-10 Keswick Dry Period Average Monthly Releases..........cccooiiiiiiiiiiiiiiiiiee e 8-20
8-11 Chronology of Oroville Storage Water Year 1922 - 1994 ..........cooviiiiiiiiiiiieeee e 8-21
8-12 Oroville Reservoir End of September EXceedance .............ccccvviiiiviiiii i 8-21
8-13 Thermalito Average Monthly REIEASES ............cooiiiiiiiiiiii e 8-22
8-14 Thermalito Dry Period Average Monthly Releases...........ccoccooiiiiiiiiiiii e 8-22
8-15 Chronology of Folsom Storage Water Year 1922 — 1994 ..........iiiieiiiiiiieeeee e 8-23
8-16 Folsom Reservoir End of September Exceedance............ccccooiiiiiiiiiiiiii i 8-23
8-17 Nimbus Average Monthly Releases.........c.uoiiiiiiiiiiiiii e 8-24
8-18 Nimbus Dry Period Average Monthly Releases...........ccoooiiiiiiiiiiii i 8-24
8-19 Chronology of New Melones Storage Water Year 1922 — 1994........cccccoovviiveeiiiine e 8-26
8-20 New Melones Reservoir End of September Exceedance...........cccccoeeeeiiiiiiiiieieiee e, 8-27
8-21 Tulloch Average Monthly REIEASES ...........ooiiiiiiiiiiiie e 8-27
8-22 Tulloch Dry Period Average Monthly Releases ...........coovveiiiiiiiiiiiiiii e 8-28
8-23 Today Study Total Delta Outflow versus Mean Required Monthly Delta Outflow .................. 8-28
8-24 Future Study Total Delta Outflow versus Mean Required Monthly Delta Outflow.................. 8-29
8-25 Total Annual Delta Outflow EXCEEAANCE .......ccoiiiiiiiiiiiiii e 8-29

X PRELIMINARY WORKING DRAFT



OCAP BA Front Matter
|

8-26 Total Annual Delta INflow EXCEEAANCE ........c.cooiiiiiiiiiiice e 8-30
8-27 MONThIY E/I RALO ... .uiiiiiiiee it e e e e e e e e e et e e e e e e e e sraeeeeaaaeeas 8-30
8-28 Minimum Monthly E/l RAtIO ........couiiiiiiii et 8-31
8-29 Maximum Monthly E/I RAtIO .........coooiiiiiiii e e 8-31
8-30 Wet Year Average Monthly X2 Start POSItioN ...........ocueiiiiiiiiii e 8-32
8-31 Above Normal Year Average Monthly X2 Start Position............cccccoiiiiiiiiiiine e 8-32
8-32 Below Normal Year Average Monthly X2 Start POSition ...........cccccoiiiiiiiiiiiiinie e 8-33
8-33 Dry Normal Year Average Monthly X2 Start POSItion ...........ccoooiiiiiiiiiiiie e 8-33
8-34 Critical Year Average Monthly X2 Start POSItion ...........coooiiiiiiiiii e 8-34
8-35 Chronology of State Banks Annual PUMPING.........ccoiiiiiiiiiiiii e 8-34
8-36 Chronology of Tracy Annual PUMPING .........ooiiiiiiiieiiiee e 8-35
8-37 Tracy PUMPING EXCEEUANCE ......ccoiieiiiieeeee et e e e e e e e e raaeeeaaeas 8-35
8-38 Federal Banks Pumping EXCEEAANCE.........cooiiiiiiiiiiiiiie et 8-36
8-39 State Banks EXCEEUANCE ..........ooiiiiiiiieec et 8-36
8-40 Total PUumpIing EXCEEAANCE ........coiiiiiiiiiii e 8-37
8-41 CVP North of Delta Deliveries (excluding American River Deliveries) ...........ccocccceivineennee 8-37
8-42 CVP South of Delta DElIVEIIES .....cccoiuiiiiiiiiie e 8-38
8-43 SWP TOtal DEIIVEIIES ... e 8-38
8-44 Frequency of actions taken specified in the model as WQCP and ESA actions.................... 8-39
8-45 Total Annual WQCP and ESA COSES .....cooiiiiiiiiiiiie e 8-39
8-46 Total AnNUal WQICP COSES ......cciiiiiiiiiiiie ettt sttt st ebs e s ens 8-40
8-47 Upstream ACHON COSES ..o e e e e e 8-40
8-48 EXPOIt ACHON COSES....eeiiiiiiiiiiiieeiee et e e e e e e e et e e e e e e e e eaareeeaaaeeas 8-41
8-49 Oct-Jan WQCP and ESA COSES.....cciiiiiiiiiiiie ettt 8-41
8-50 EWA ACHON FIEAUENCY ...ttt ettt e e et e e e e e e e et re e e e e e e e e e e nannraneeae e s 8-42

9-1 Summer temperature differences in the Feather River Low Flow Channel between the
fish hatchery dam and Robinson Riffle based on data collected by continuous

temperture loggers during summer 1998..........oo i 9-10
10-1 CVP steelhead salvage density, water years 1992—2000 ...........cccceeiiiiiiiiniieeeniiieee e 10-2
10-2 SWP steelhead salvage density, water years 1992—2000.............ccoeviiieieiniieeeniiieeee e 10-2
10-3 Average export—to—inflow ratios (both projects combined) for operations today and in

the future compared to the El standard. ..., 10-3

10—-4 Maximum export—to—inflow ratios (both projects combined) for operations today and in
the future compared to the El standard ..o, 10-3

10-5 Percent of Sacramento River flow passing through the DCC during critically dry years
under current conditions and in the future. ...........cccco o 10-5

10—6 Percent of Sacramento River flow passing through Georgiana Slough during critically
dry years under current conditions and in the future. ..............cccciiii 10-5

PRELIMINARY WORKING DRAFT Xi



Front Matter OCAP BA
|

10-7 Percent of Sacramento River flow continuing down the main Sacramento River
channel past the DCC and Georgiana Slough during critically dry years under

current conditions and in the future..............cco o, 10-6
10—8 E/l exceedance fOr FEDIUAIY ..........ooi i 10-12
109 E/l exceedance fOr APFil....... .o 10-12

10-10 Proportional change in E/I in 2020 scenario plotted against proportional change in
total delta inflow in 2020 scenario. Each panel represents a month (1=January,
etc.). Symbol size increases with increasing difference between total 2020
pumping and total 2001 pumping. Color changes from blue to red as 2001 E/I
g le =TT PP 10-14

10-11 Proportional change in E/I in 2020 scenario plotted against E/I in 2001 scenario.
Each panel represents a month(1=January, etc.). Symbol size increases with
increasing difference between 2020 total pumping and 2001 total pumping. Color
varies from blue to red with increasing difference between 2020 inflow and 2001
INTIOW. <.ttt e e e e e e e e e e e e e e e e e e e aanaeeeananraean 10-15

10-12 Comparison of Yolo Bypass flows during February through May in years where flow
exceeds 2500 cfs in at least one month. A robust line has been fitted to these
(6 F=1 7= VTR 10-16

List of Tables

Table Page
1-1 Proposed Operational Actions for Consultation ... 1-10
1-2 Proposed Future Changes in Operational Actions for Consultation ..............ccccccoiiiiiiiien. 1-15

3—-1 Recommended water temperatures ( F) for all life stages of steelhead in Central Valley
streams from McEwan and Jackson (1996) and Myrick (1998, 2000) ...........cccceveveuvennnn. 3-1

3—-2 Average weighted usable spawning area (expressed as 1,000 square feet of spawning
area per 1,000 feet of stream) from 21 cross sections measured in 1995 in high
density Chinook spawning areas. Summarized from FWS 1997 .........cccoovieiiiiiiiccinneen, 3-3

3-3 Instream flows that would provide the maximum weighted usable area of habitat for
rainbow trout and steelhead trout in the Stanislaus River between Goodwin Dam

and Riverbank, California (Aceituno 1993) ..o 3-5
3—4 Estimated number of historical, pre-dam, and post-dam river miles available to
steelhead. Source: Yoshiyama and others (1996)..........ccccvviiiiiiiiiiiee e 3-6

3-5 Summary of potential salmonid migration barriers on Central Valley streams. Adapted
from Yoshiyama and others (1996)........coouuiiiiiiii e 3-6

3-6 Combined marked and unmarked steelhead salvage for the 1994 through 2002
emigration seasons (for example, 1994 = October 1993 through July 1994), and
percentage of combined salvage occurring between the December through June

period depicted in FIQUre 3-3. ... 3-13
3—7 Salvage of unclipped steelhead, 1993 — March 2003 at the CVP and SWP Delta fish
SAIVAgE TACIlItIES. ... 3-14

3-8 Average monthly total (clipped and unclipped) steelhead salvage at the Delta fish
facilities, 1981 — 2002. .........ooiiiiiiie e e et e e araeaaeaae 3-14

Xii PRELIMINARY WORKING DRAFT



OCAP BA Front Matter
|

3-9 Percentage of steelhead salvage at the CVP and SWP fish facilities with adipose fin

Clips, 1993 — March 2003. ........oooeiiiiiiie e e e e e e e e s e e e e e e aeannraees 3-15
3—-10 Stomach contents of adipose fin-clipped steelhead captured in Toe Drain of Yolo

Bypass 1998 (DWR unpublished data)..........cccoouieiiiiiiiiii e 3-17
3—-11 Production and release data for hatchery steelhead ............cccoooiiii e 3-21
4—1 Dates of spring-run and fall-run Chinook salmon spawning at Baird Hatchery on the

McCloud RIVEr (DFG 1998) ...ttt et e e e srre e e e enaee e e ennes 4-4
4-2 Historical upstream limits of winter run Chinook salmon in the California Central Valley

Drainage (from Yoshiyama etal 2001) .......c.ooeiiiiiiiiiiieie e 4-10

4-3 Comparison of Red Bluff Diversion Dam winter-run Chinook escapement versus carcass
count (Peterson estimate?) winter-run escapement. ...........occcccveiciiere e, 4-13

4—-4 Sacramento River winter-run Chinook salmon spawning distribution from aerial redd
surveys grouped by 1987 — 1992, 1993 — 2002, and all years combined (data

source: Killam 2002). ....ocoeoiiiiiiiieeee et a e e e aaa e e e e 4-13
4-5 Mill Creek spring-run Chinook salmon cohort replacement rate..........ccccccooevicciiiieeieee e, 4-20
4—6 Deer Creek spring-run Chinook salmon cohort replacement rate .........cc.ccooeeeciieieeeeeiicenne, 4-22
4-7 Butte Creek spring-run Chinook salmon cohort replacement rate.............cooocciiiieriee i, 4-23
4-8 Feather River spring-run Chinook salmon cohort replacementrate...............ccccccciiiiiiiine 4-24

4-9 Status of CAMP-monitored Central Valley stocks of Chinook salmon races using Pacific
Salmon Commission MethOdOIOGY .......c..eeviiiiiiiii e 4-28

4-10 Average weighted usable spawning area (expressed as 1,000 square feet of spawning
area per 1,000 feet of stream) from 21 cross sections measured in 1996.
Summarized from FWS 1997 ...... .o 4-37

4-11 Instream flows (cfs) that would provide the maximum weighted usable area of habitat
for Chinook salmon in the Stanislaus River between Goodwin Dam and
Riverbank, CalifOornia..........ccuuueiiiiiiieee e e e e e e e e eeeaees 4-42

4-12 Stanislaus River summary of past smolt survival tests ...........ccocoiiiiii e, 4-42

5-1 Recommended water temperatures ( F) for all life stages of Chinook salmon in Central
Valley streams as presented in Boles and others (1988)°............c.ccoceveveeieecieeeieee, 5-1

5-2 Relationship Between Water Temperature and Mortality of Chinook Salmon Eggs and
Pre-EmMergent FrY.. . e 5-2

5-3 Stage discharge relationship for the Clear Creek at Igo USGS gauge, Station 11-
B72000. ..ttt ettt h e et e e bt e bt e eh e e ea et enae e teebeeareeeneeeneeenreeees 5-14

5-4 Stage discharge relationship in the Sacramento River at Bend Bridge, gauge 11377100....... 5-15

5-5 Stage discharge relationship in the Stanislaus River at Ripon, gauge 11303000. .................. 5-16
5-6 Percent of winter run and spring run redds counted below Red Bluff Diversion Dam,

1987 — 2002. data from Killam (2002)........coeiiiiiiiieieee e 5-19
5—-7 Example of how the winter-run Chinook juvenile production estimate, yellow light and

red light levels are calculated using 2001-02 adult escapement data. ...........c..ccceeee. 5-33

5-8 Total Chinook salmon salvage (all sizes combined) by year at the SWP and CVP
Salvage faCIlities. ... ... 5-36

5-9 Average Chinook salmon salvage (all sizes and marks combined) by facility 1981 —
S ST 5-36

PRELIMINARY WORKING DRAFT Xiii



Front Matter OCAP BA
|

5-10 Average Chinook salmon salvage (all sizes and marks combined) by facility, 1993 —

2002, e e e e e e e e e — e e e e e e nt et e e e nbae e e e annaeeeeanteeeeanreeeeeates 5-37
5-11 Winter run Chinook estimated harvest of coded wire tagged release groups by harvest

0T 111 o 1SS 5-58
5-12 Production data for hatchery produced Chinook salmon...........cccccoiiiiiiiiiiie i 5-63

7-1 Maximum extent of spilittail distribution in major rivers as indicated by location of splittail
collections (adapted from Sommer et al.,1997). NA indicates specific information
is not available. Distance is river kilometer from the mouth of the river. Present
indicates the exact location is not known but that splittail were documented as

being in the fVer SYSIEM. ... .o e 7-3
8—1 Assumptions for the Base and Future Studies.............ccccooiiiiiiiiiiiii e, 8-3
8—2 Agriculture North of Delta Delivery EXCeedanCe...........ccceevviiiiiiiiiie e 8-13
8-3 American River CVP M&l and Water Rights Deliveries by Contractor ...............cccooevvviveennn.n. 8-25
9-1 Estimated bed mobility flows for affected Central Valley rivers. ..........ccccoeeeeieiiiiiciiiiiieee e, 9-3
9-2 Percent egg to fry mortality of Chinook salmon in the Sacramento River due to water

temperature, presented by water year type. ... 9-4
9-3 Spawning distribution by reach used in the Chinook salmon temperature related egg to

fry mortality MOEIS. ......oooiiiie e 9-4
9-4 Percent Mortality from egg to fry due to water temperature for Chinook in the Feather

River by water year tyPe. ... ..o 9-12
9-5 Percent mortality of Chinook salmon from egg to fry in the American River based on

water temperature by water year type. ... 9-18
9-6 Water Temperature suitability criteria for coho salmon life stages from DFG 2002a............... 9-22

9-7 Trinity River releases (monthly average) at Lewiston Dam under current and future
operations. Numbers in parentheses are frequency of occurrence. Ramping is
figured into monthly averages. The hydrologic modeling period is less than 100
years so not all months add up to 100% due to rounding.........ccccceeeeviiciiiiieneeee e, 9-23

10—1 Numbers of listed fish species captured at Pumping Plant # 1 of the Contra Costa
Canal and the headworks at the Rock Slough Intake during fisheries monitoring,

TO94 — 2002 ...ttt e e e e e ——e e e e e ——e e e e e nraeeaaanraeeeaanraeeeaannes 10-7
10-2 Average monthly diversion rate at the Rock Slough intake, 1998 — 2002 ..............ccccccceee.. 10-7
10-3 Expected delta smelt salvage Changes.........ccoo i 10-9
10—4 Expected splittail salvage Changes ...........eueiiiiiiiiii e 10-10
12—1 SUMMARY OF CVPIA ACCOMPLISHMENTS - 1992-2002.........ccceiiiieeeiiiieeeeciieeeesiieeeene 12-2
12—-2 Spring-run salmon losses due to SWP’s Delta operations (in smolt equivalents)................. 12-7
12-3 Predicted annual spring-run benefits of approved Four Pumps mitigation projects (in

(gL LYo [0 TNV 2= 1= o 3 I U PPPPRN 12-7
12—4 Actual annual spring-run salmon mitigation credits produced by Four Pumps projects

IN SMOIE EQUIVAIENTS.......eiiiiiii e e e e e 12-8
12-5 Spring-run salmon losses and mitigation credits in smolt equivalents..............ccccoccccninen. 12-9

Xiv PRELIMINARY WORKING DRAFT



OCAP BA Front Matter

List of Abbreviations/Acronyms

(To be updated)

ACID Anderson-Cottonwood Irrigation District
AF acre-feet

AFRP Anadromous Fish Restoration Program
CCWD Contra Costa Water District

cfs cubic feet per second

COA Coordinated Operation Agreement

CPUE catch per unit effort

CVP Central Valley Project

CVPIA Central Valley Project Improvement Act
DCC Delta Cross Channel

Delta Sacramento-San Joaquin Delta

DFG California Department of Fish and Game
DO dissolved oxygen

DWR California Department of Water Resources
EIS/EIR Environmental Impact Statement/Environmental Impact Report
EID El Dorado Irrigation District

ESA Endangered Species Act

ft/s feet per second

FERC Federal Energy Regulatory Commission
GCID Glenn-Colusa Irrigation District

M&I municipal and industrial (as in M&l water supplies)
MAF million acre-feet

mg/L milligrams per liter

MOU Memorandum of Understanding

mS/cm microSiemens per centimeter

NBA North Bay Aqueduct

NMFS National Marine Fisheries Service

NMIPO New Melones Interim Plan of Operation
OID Oakdale Irrigation District

PCWA Placer County Water Agency

PRELIMINARY WORKING DRAFT XV



Front Matter OCAP BA
|

PG&E Pacific Gas and Electric Company
ppm parts per million

PSL pre-screen loss

RBDD Red Bluff Diversion Dam

RPA reasonable and prudent alternative
RRDS Roaring River Distribution System
RST rotary screw trap

RwQCB Regional Water Quality Control Board
SAFCA Sacramento Area Flood Control Agency
SCE Southern California Edison

SJRA San Joaquin River Agreement
SMSCG Suisun Marsh Salinity Control Gates
SMUD Sacramento Municipal Utilities District
SOD Safety of Dams

SPDP Salmon Protection Decision Process
SRBS Stanislaus River Basin Stakeholders
SRI Sacramento River Index

SSJID South San Joaquin Irrigation District
SWP State Water Project

SWRCB State Water Resources Control Board
TAF thousand acre-feet

TCD temperature control device

TDS total dissolved solids

TFCF Tracy Fish Collection Facility
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Introduction

This biological assessment describes the proposed long-term operation of the Central Valley
Project by the Bureau of Reclamation and the State Water Project by the California Department
of Water Resources (collectively “Project Agencies”). Reclamation, on behalf of itself and the
California Department of Water Resources, is submitting this biological assessment pursuant to
Section 7(a)(2) of the Endangered Species Act to both the U.S. Fish and Wildlife Service and the
National Marine Fisheries Service (collectively “Services”) to ensure that the proposed action is
not likely to jeopardize the continued existence of listed species.

Purpose of the Biological Assessment

The purpose of a BA is to evaluate the potential effects of the proposed action on listed and
proposed species and designated and proposed critical habitat and determine whether any such
species or habitats are likely to be adversely affected by the proposed action. Further, the BA is
used to determine whether formal consultation or a conference are necessary.

The Project Agencies’ objective is to work with the Services toward developing a long-term
operations plan that meets the Project Agencies’ legal commitments with respect to the Central
Valley Project and State Water Project in a manner that is consistent with the requirements of the
Endangered Species Act. Reclamation and California Department of Water Resources prepared
this biological assessment to describe and analyze the affects of the proposed long-term
operations plan for the Central Valley Project and State Water Project on listed species.
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